The paper studies the efficiency of pre-treatment of landfill leachate by gaseous desorption of ammonia. The research was done on a municipal non-hazardous waste dump in Krosno (Sub-Carpathian Province, Poland). The pretreatment provided a favorable BOD 5 /COD ratio in leachate. Also concentrations of 16 PAHs and heavy metals did not exceed the legal limits. However, gaseous desorption of ammonia was insufficiently efficient in recovering ammonia nitrogen from leachate.
INTRODUCTION
General availability of consumer goods in combination with benefits of democracy and freedom of speech have become a fundamental value to inhabitants of many regions of the world. This relates to excessively rapid changes in a form of wealth increment. The concept of economic growth adopted by economists and valid develops at an exponential rate, covering numerous technologies. This involves the following: limited living space for humans; immunity of man and other components of the biosphere on the increasing pace of environmental change; chemicalization of the environment producing pollution of air, waters and soils with dusts, toxins and wastes; and shrinking resources of biological diversity [Kostecka and Kostecki 2014] . The condition of approximately 2/3 rds of benefits from ecosystems being a basis for human life, is deteriorating; these ecosystems are considered as degraded or as functioning discordantly with the concept of sustainable development [Kostecka 2013 ]. Highly developed countries and the style and conditions of life that they enforce influence the aggravating state of human health. 'Retardation' is a phenomenon counteracting the deterioration of life quality of humans. It is a word of Latin origin (retardatio), it can be used on environmental plane, meaning phenomena that delay, inhibit, stop or slow down natural processes, broadly defined pace of technological development of man, phenomena in biosphere leading to loss of biodiversity, transformation of space and others [Kostecka 2010 ].
Improvement in human life quality relates to increased quantity of waste being produced. Both municipal and certain industrial wastes neutralized by storage can contain mixtures of various types of harmful substances. 'Useless' products removed to dump sites after use by households or industry are the source of these substances.
As a result of long dwelling in the dump's bed, they undergo partial degradation, the consequence of which is the appearance of a certain quantity of potentially harmful compounds in leachate. Composition of leachate is often similar to that of many other liquid waste types: dissolved organic matter or inorganic salts but also heavy metals and a wide range of organic compounds of xenobiotic nature [Slack et al. 2005] .
Not all organic substances present in leachates are identified because of low concentration of analytical technique limitations. Concentration of organic compounds (BOD 5 , COD), mineral compounds (nitrate nitrogen (III) and (V), ammo- ) and BOD (4,000-13,000 mg . dm -3 ). As a result, the BOD/COD ratio ranges from 0.4 to 0.7. In the methane phase, leachates contain mostly sparingly degradable organic substances, and pH increases to approx. 7. As the waste storage gets older, leachates grow rich in ammonia nitrogen (3,000-5,000 mg . dm -3 ) and poor in COD (5,000-20,000 mg . dm -3 ) ( Table 1) . Pre-treating and removing leachate from municipal landfill poses a major technical problem. The solution prevailing in Poland and other EU states consists of transporting leachate in waste removal tank trucks to nearby sewage treatment plants or discharging it directly to sewers. However, treating leachate and other liquid waste together is not the optimal approach. High concentration of ammonia nitrogen in leachate has adverse effect on activated sludge, which puts at risk stability of operation of municipal treatment plants. The ) while an increment in pH results in release of free ammonia (NH 3 ) that is much more toxic to aquatic organisms and microflora and that releases from water solution to atmosphere in gaseous form. Where pH is 11 or more, the process is very dynamic [Guo et al. 2010 ]. Because they are relatively simple in design and inexpensive in operation, systems for gaseous desorption of ammonia were installed in recent years in many facilities for which recovery of ammonia represented a major task. However, according to figures, the efficiency of this process can fail to meet the original assumptions.
The study aimed to evaluate efficiency of pretreatment leachate from municipal non-hazardous waste landfill in Krosno. Because leachate is discharged to the sewers after pre-treatment, the effluent has to comply with the Regulation by the Minister of Construction of 14/07/2006 on requirements for industrial effluent suppliers and for discharging effluents to sewers.
MATERIALS AND METHODS
The leachate concerned came from a municipal non-hazardous waste landfill situated in Krosno, operated since 1983, complying with the The landfill has a leachate pre-treatment plant. The effluent is pumped from the landfill's drainage system to one of 3 aerated tanks, 2 of which act as reactors for gaseous desorption of ammonia and the 3 rd one serves as a storage tank. It was assumed that gaseous desorption of ammonia nitrogen at pH > 11 would efficiently eliminate the gas from leachate. This pH value is maintained by feeding lime milk to the reactors. Reacted leachate is pumped to a settling tank where pH is lowered to approx. 9.5 with concentrated sulfur acid. So pre-treated leachate is pumped to the municipal sewerage.
Raw leachate was sampled from the storage and aerating tank and pre-treated leachate was taken from the neutralization tank once every 3 months in years 2011-2013, in accordance with the sampling instructions contained in the PN-ISO 5667-10:1997 standard.
Physical 
RESULTS AND DISCUSSION

Removal of organic substances from leachate
Concentrations of organic substances in raw and pre-treated leachates were strongly dependent on season and varied between the years covered (Fig. 1) . 
Removal of total polycyclic aromatic hydrocarbons (PAH)
The concentration of all the 16 PAHs in raw leachate ranged from 0.19 to 1.6 μg . dm -3 in 2011 (Fig. 2) and in the two following years the concentrations in both raw and pre-treated leachate did not exceed 0.1 μg 
Removal of biogenic substances
Concentrations of ammonia nitrogen in leachates from municipal waste landfills ranges widely from 100 to 5,500 mg . dm -3 , and the main factor influencing the annual value is the age of the waste landfill [Renou et al. 2008 , Shalini et al. 2012 . For the tested leachates and the reviewed periods, ammonia nitrogen concentrations ranged from 180 to 558 mg . dm -3 . After gaseous desorption of ammonia from the leachates at pH > 11, the concentrations dropped just to 149-394 mg . dm -3 (Fig. 3) , so the pre-treatment efficiency was from 5.7% up to the maximum 45%.
The actual ammonia nitrogen concentrations exceeded the limits imposed by the Regulation for industrial effluents and for effluents discharged to sewers (200 mg . dm -3 for effluents discharged for municipal liquid waste treatment plants with PE ≥ 5,000). (Fig. 4) .
Heavy metals
The largest concentration of total chromium in raw leachate was recorded in quarter 2. . Leachates from younger dumps with pH < 6.5 had higher heavy metal concentrations than maturing and stabilized landfills, where pH is typically larger than 7.5. This ensues from better metal solubility at lower pH values and from the washout of metals from waste to leachate. pH and electrolytic conductivity pH in the leachates ranged from 6.51 to 7.7 (Fig. 5) . The gaseous desorption of ammonia requires a higher pH and after the process the product is neutralized, therefore pH of the pre-treated leachates ranged from 7.57 to 9.
Measurements of specific conductivity are used mainly for estimation of the total content of substances dissolved in a solution. pH values of the leachates were first increased and then reduced. This resulted in precipitation of mineral compounds, so the values of electrolytic conductivity in the pre-treated leachates was reduced.
The top values of electrolytic conductivity in the raw leachate, up to 8,900 μS . cm -1 , were observed in quarter 2. and in quarter 3. 2011 and the lowest in quarter 1. 2012 (5081 μS . cm -1 ). Pretreatment of leachates with pH=11 in aeration tanks reduced electrolytic conductivity by from 3,998 to 8,400 μS . cm -1 (Fig. 6 ).
CONCLUSIONS
According to the study on the efficiency of leachate pre-treatment by gaseous desorption of ammonia, the efficiency of recovery of organic substances (COD), including biodegradable carbon compounds (BOD 5 ), during the period under review showed strong variation: from 7% to 44% and from 4% to 75%, respectively. The resulting BOD 5 /COD ratio (0.23:0.54) and the reduction of toxic compounds (more than 45% of all the 16 PAHs removed, compliance with concentration limits for PAHs and heavy metals) were favorable. However, the efficiency of recovery of ammonia nitrogen ranged from just 5.7% to 45%, so the method was inadequate from the point of view of its usual purpose.
The problem of wastes including waste storage products, such as leachates, affects the whole environment (air, soils, underground waters) and leads to a decline in biodiversity and aggravation of human health. No efficient remedy has been yet found for all the mess accompanying economic growth. It has become a part of our lives and, as such, needs to be encompassed in a multidimensional responsible awareness of creation of a new reality. Therefore, the idea of retardation as a holistic approach to environmental problems by self-imposed control of one's existential needs seems to be one of the key solutions for the new century, also with respect to broadly defined waste management.
